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Exposure of human neutrophils to ultraviolet radiation 
(UVR) in vitro was accompanied by activation of superoxide 
generation and preferential release of secondary granules. 
These pro-oxidative interactions of UVR with neutrophils 
were dependent on intact cellular membrane-associated oxi-
dative metabolism and were mediated almost excl usively by 
the UVB component ofUVR. Irradiation of neutrophils was 
also associated with release of arachidonic acid from mem-
brane phospholipids, implicating involvement of phospholi-
pase A2 (PLA2) in the pro-oxidative activity of UVR. The 
pro-oxidative interactions of UVR with neutrophils were 
Exposure of skin to ultraviolet radiation (UVR) is accom-panied by alterations in dermal cellular metabolism re-sulting in the release of a series of mediators of erythema. Elevated levels of mast cell -derived histamine are found in erythematous skin [1-3], whereas levels of arachi-
donic acid (AA) and its cyclooxygenase products PGD2, PGE2, and 
6-oxo-PGF 1ct are increased in suction blister exudates from UVR-
exposed skin [2,4]' as well as in extracts of irradiated cultured human 
fibroblasts [5] and keratinocytes [6]. Reactive oxidants also promote 
mast-cell degranulation [3] and phospholipid fragmentation in cul-
tured endothelial cell s [7], whereas exposure of skin to UVR reduces 
the activity of anti-oxidant enzymes [8] and depletes low-
molecular-weight oxidant scavengers [9] . These suggest that reac-
tive oxidants are possible mediators of erythema responses. Reactive 
oxidants may originate during the metabolism of AA by UVR-ex-
posed, resident dermal cells. Because UVR activates phospholipase 
A2 (PLA2) in cultured mammalian cells [10,11]' infiltrating phago-
cytes represent an alternative, but speculative, source of reactive 
oxidants. The two primary hydrolysis products of PLA2 activity in 
mammalian cells are Iysophosphatidylcholine (LPC) and AA, both 
of which activate cytosolic protein kinase C (PKC), an enzyme 
intimately involved in activation of NADPH-oxidase [12,13]' the 
superoxide-generating enzyme of phagocytes [14]. 
In the present study we have investigated the effects of UVR on 
the PLA2 activity of membrane-associated oxidative metabolism of 
human neutrophils ill vitro . 
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mimicked by coincubation of the cells with reagent arachi-
donate or lysophosphatidylcholine (LPC), whereas the PLA2 
inhibitor 4-p-bromophenacyl bromide, as well as the LPC-
and arachidonate complex-forming agent a-tocopherol, in-
hibited these pro-oxidative interactions ofUVR with ph ago-
cytes. Because phagocyte-derived reactive oxidants are cyto-
toxic, immunosuppressive, and carcinogenic, these agents are 
potential mediators ofUVR-mediated tissue damage and tu-
morigenesis. Key words: phagocytes/superoxide/phospho_ 
lipase A2.] Invest DermatoI101:532-536, 1993 
MATERIALS AND METHODS 
Chemicals and Reagents Unless otherwise specified, these were ob-
tained from Sigma Chemical Co., St. Louis, MO; radiochemicals were pur-
chased from Du Pont NEN Research Products (Boston, MA) and Amersham 
International (Aylesbury, U.K.). 
Neutrophil Preparation Neutrophils were isolated from heparinized (5 
units preservative-free heparin/ml) venous blood of healthy volunteers and 
separated on Ficoll (Pharmacia Fine Chemicals, Uppsala, Sweden; specilic 
gravity 1.074) metrizoate (Nyegaard and Co., Oslo, Norway) cushions by 
centrifugation at 1400 rpm for 25 min. Residual erythrocytes in the prepara-
tions were removed by sequential sedimentation with 3% (w Iv) gelatin at 
37"C for 15 min, and selective lysis with 0.83% (w/v) ammoniun chloride. 
Neutrophils were washed once and cel l viability was found to exceed 90% 
when determined by try pan blue (0.1 %) dye exclusion. The cells were 
resuspended to 1 X 107/ ml in HEPES (N-2-hydroxy-ethylpiperazine-N'-
2-ethanesul phonic acid)-buffered Hanks balanced sa lt solution (HBSS), pH 
7.2. 
Ultraviolet Irradiation of Neutrophils The UV source was a Philips 
MLV irradiation lamp (Philips Electronic Ltd.,Johannesburg, South Africa) , 
emitting principally UVA (3.6 mW cm- 2 UVA, 1.4 mW cm- 2 UVB, and 
1.16 mW cm- 2 UVC) radiation at a distance of 30 cm from the lamp. A 
series of three Schott cutoff filters (values given for cutoff as at approxi-
mately 1 % transmission) were used to discern the biologic effects of isolated 
wavelengths of UVR [15]. The filters used were WGI (cutoff at 360 nm), 
allowing transmission of longwave UVA; WG4 (cutoff at 310 nm), trans-
mitting total UVA; and WG6 (cutoff at 280 nm) , letting through UVA and , 
UVB but excluding Uvc. They were placed over the tops of the polypro-
pylene vials containing cel l suspensions, where required, prior to irradiation. 
Doses of UVR are expressed as J/C111- 2 UVA equivalents. 
UVR Effects on Neutrophil Functions The effects of polychromatic 
UVR on phagocytosis and chemotaxis by neutrophils were measured using 
standard techniques [16,17], whereas neutrophil degranulation was evalu-
atcd in supernatants from UV-exposed ncutrophils. Lysozyme (primary and 
secondary granules), myeloperoxidase (primary granules), and vitamin BIZ 
binding protein (secondary granules) were assayed using turbidometric, col-
orimetric, and radioassays, respectively [18 - 20]. 
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Superoxide Generation by Irradiated Neutrophils The effects of po-
lychromatic and monochromatIc UVR on unstImulated neutroplllis were 
measured using a lucigcnin (bis-N-methylacridinium nitrate) -enhanced 
chemiluminescence (LgCL) method [21 ]. Neutrophils (30 ,£II. 107/ ml) were 
added ro 240,£11 pre-warmed HESS containing 30 .ul. 0.2 mM lucigenin in 
polypropylene via ls: and incubated for 10 min at 37 ' C. Ncutrophils were 
irradia ted for tIme lIltervais covenng a range of 30-300 sec (0.2 - 1.2 J/ 
cm-2), in order to measure a dose response to polychromatic UVR. Follow-
ing irradiation. and where required. the following stimuli of superoxide 
generation at pre-deternuned. final concentratIons were added to the VIals: 
0. 1 flM N_formyl-L-methionyl-L-Icucyl-phenylalanine (FMLP). 1 ng/ml 
phorbol_12_myristate-13-acetate (PMA). 5,uM calcium ionophore. 
(123 187). 50 ,ug/ml opsonized zymosan (OZ). and SliM AA. Possible 
UVR-induced damage to neutroplllis followlIlg IffadlJtlon was assessed VIa 
the release of lactic acid dehydrogenase (LDH) from the cel ls. Superoxide 
genera ted by irradiated. irradiated and stimulated neutrophil s, and their 
corresponding sham-lffadlated or stunulant-free cO:ltrols were measured 
fo llowing irradIatIon USll1g an LKB Wallac (Turku. Fll1land) chemllu'mlllo-
meter (model 1251) at 37"C, or, in the case ofFMLP stimulation , where 
5uperoxide attains rapid peak levels. ill a Lumac Biocounter (model 2010; 
Lumac Systems Inc. , TItusvIlle, FL). Results are exptessed as m Vs- ' /3 X 105 
neutrophils. The same experiments were performed using neutrophils from 
twO children WIth the autosomal recessIve form of chrol1lc granulomatous 
disease (CGD), a congenital immunodeficiency disorder associated with 
defec tive activation of the respiratory burst enzyme, NADPH-oxidase, re-
sulting in the inability of activated neutrophi ls of such individuals to gener-
ate superoxide. Cell-free expenments were also conducted to test for POSSI-
ble effects of UVR on the photosensitizing agent, lucigenin, as well as the 
effects of retrospective addition of lucigenin to cells subjected to UV treat-
ment. 
Inhibition of Superoxide Generation by Irradiated Neutrophils 
Various inhibitors were incubated with neutrophils to investigate their ef-
fec ts on the subsequent LgCL rcsponsc. Prior to irradiation, cel ls werc incu-
bated for 10 - 30 min with the following: protein kinase C inhibitors 
H-7 [9 _[ 5_isoquinolino-sulfony l] -2-mcthylpiperazine] and staurosporine 
[22,23]; 4_bromophcnacyl bromide (BPB). an inhibitor of phospholipase A2 
[24]; superoxide dismutase (SOD); notdihydroguaiaretic acid (NGDA) and 
piriprost potassium, both inhibitors of S-lipoxygenasc [25,26]; thc G-pro-
tein inhibitor, pertuss Is toxm; puromycll1, an mlubltor of protcm synthcsls; 
3,4,S_trimethoxybenzoic acid (TME) , an antagonist of intracellular calcium 
mobilization [27]; and dl-a-tocophetol (vi tamin E, 5 ttg/ ml) , a Iysophos-
pholipid- and arachidonic-complex- fotming agent [28]. 
: Effects of Reagent Lysophosphatidylcholine and Arachidonate on 
Superoxide Generation by Neutrophils In an additional series of ~x­
periments, the effects of thc pnmary hydrolYSIS products generated dunng 
PLAz activity , lysophosphatIdylcholmc (LPC) and araci lldonate (0.5 - 5 pM final concentrations) , on the spontaneous and stimulated (FMLP and cal-
cium ionophore) LgCL rcsponses of ncutrophils wcre mcasured. The neu-
rrophil s (106) were prcincubatcd for 15 min at 37'C and LPC or atachidon-
ate we re added 1 min before the stimulus of mcmbrane-associated oxidativc 
metabolism. LgCL was thcn recorded as desctibed above. 
Measurement ofIntracellular Calcium Fluxes [CaH ); This was mca-
sured b y fura-2 fluorcscencc. Ncutrophi ls were loaded with 211M fura-2 for 
30 min at 25 ' C, washed twice in HBSS, resuspended to 1 X 107 cclls/ml, 
and kept on ice unti l needed. Measurcments of intracellular calcium fluxes 
were p erformed using a Hitachi 650-10S Fluorescencc Spectrophotometer 
(Hitac hi Ltd .. T okyo, J apan) cquipped with a thermostatted cuvette holdcr 
(37 ' C) and magnetic sti rrer. w ith excitation and em ission wavelengths set at 
340 and 500 nm, respectively. Ncutrophils were serially challenged with 
FMLP (30 nM) or UVR (0 .55 ] /cm- 2) alone or in combination cvery 3 min 
(five exposures), to allow time for elevated [CaH], levels in the ce lls to 
resu me basal levels. Free [CaH ]; was calculated as previously described [25], 
and expressed as nmoles/l07 I1cutrophils. 
Influence of UVR on AA Release by Neutrophils This assay was 
performed as previously described [30). Briefly, 1 X 107 cel ls in calcium-free 
HBSS were incubated wi th 5 ttCi/ ml tadiolabeled AA (5,6,8 ,9.11 ,12,14. 
15-3H(N) , 100 Ci/mmol; Du Pont NEN) at 37'C for 30 min, washed 
twice, and resuspended to 107 ccl ls/ml in calcium-containing mcdium, be-
fore being irradiatcd with polychromatic UVR at a dose equivalent to 0.55 
] /cm 2 UV A. After transfer of the tubes to icc, the reactions were terminated 
with 5 ml n-hexane/isopropanol/ HCI (300: 200 : 4: vol/vol/vo l) and 
mixed thoroughly. Fatty acids wcrc cxtracted as previously desctibed [30]. 
The upper organic phase was removed and evaporated to dryness under a 
nitrogen strcam. The lipids wete then reconstituted in 100 tli hcx-
ane: isopropanol (3: 2 vol/vol) and 20-pl aliquots containing 5 pg unlabeled 
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AA standard to facilitate visual detection were spotted onto silica gel pre-
coated thlll-layer chromotography (TLC) plates (Merck. Darmstadt, Ger-
many). The plates were developed in chloroform/ acetone 96: 4 (vol / vo l) 
and then exposed to iodine vapors. The AA spots were localized, and the 
si lica removed and assayed for radioac tivity. 
Effects ofUVR on the Activity of Purified Phospholipase A z These 
were measured by radiometric TLC [30] using radiolabeled phosphatidyl-
choline (L-3-phosphatidylcholine-l-stearoyl-2-[5,6,8,9, 11 ,12,14, 15-3H] 
arachidonyl. specific activity 135 Ci/mmol; Amcrsham) as substrate. The 
reaction mixtures (1 ml) contained 20 mM-Tris-HCI, pH 8.5, 5 lu M 
CaCI2, 0.625 pCi of radiolabel ed phosphatidylcholine (PC), 50 nmol of 
unlabeled. carrier PC, a nd 200 nmol of unlabeled LPC to promote the 
for~l?tlon of phospholtpld mIcelles [31]. Reactions were initiated by the 
addmon of punfied PLA2 (frolll bovine pancreas; 10 units/ ml, final concen-
tratIon). Tubes were either irradiated or sham-irradiated with polychromatic 
UVR (1 ,2 ] / cm- 2) during a 5-min incubation period at 37'C, after which 
the reactions were terminated by the addition of hexane : isopropanol (3: 2, 
v Iv) and PLA2 actlv lry was measured according to the amount oPH-arachi-
donate in the reconstituted evaporates as described above. 
UVR .and Nentrophil Membrane Potential Neutrophil membrane 
potentIal changes were measured afte r irradiation of the cells by a previously 
descnbed method [32]. using the fluorescent carbocyanine dye. 3,3' -dipen-
tyloxadlcarbocyanine [di-O-Cs (3)]. 
Statistical Analysis The results of each se rics of experiments are ex-
pressed m absolute units or percentage changes relative to corresponding 
control values and expressed as mean va lues ± SEM. Statistical significance 
was evaluated USlllg the Student t test (paired t statistics). 
RESULTS 
UVR Effects on Neutrophil Phagocytosis, Migration, and 
Degranulation Polychromatic UVR at a dose equivalent to 0 .55 
]/c.m- 2 UVA had no influence on either neutrophil phagocytic 
activity (111gestlon of opsonized Cal/dida albicallS) or migration, 
where FMLP (20 nM) was used as a chemoattractant. Release of 
secondary granul es was, however, increased following exposure of 
neutropll1ls to UVR at the same dose wh en compared to sh am-irra-
diated control cells. Lysozym e and vitamin B'2 binding protein 
release was elevated by 25 ± 3% (p < 0.005) and 17 ± 6% (p < 
0 .025), respectIvely (data from three experiments). However, there 
were no detectable increases in the levels of primary granule-der-
Ived MPO activ ity from irradiated cells. 
Su?eroxid~ Generation by Irradiated Neutrophils Neutro-
phIls exhibIted a dose- related activation of superoxide ge neration 
when subjected to UVR within the range 0 .2-1.2 ] /cm- 2 (Fig 1). 
UV doses as low as 0.3 ]/cm-2 triggered a 95% increase in the 
release of superoxide. Increases in superoxi?e release of up to 500% 
were docun?ented, dependlllg on the activity of the neutrophils 
prepared daIly from dIfferent donors. These pro-oxidative interac-
tions ofUVR were a lmost excl.usively due to UVB (Fi g 2) and were 
not observed WIth cells from Illdlvlduals with CGO, indicating a 
requIrement for 111tact membrane-associated oxidative metabolism. 
The fact that there was no increased rel ease of LOH in irradiated 
cells w hen compared to non-irradiated control s indicates that neu-
trophil viability was un affec ted by UVR. The effects of UVR on 
superoxide generation by neutrophils are therefore real and cannot 
be attributed to interactions with the assay systems because a) they 
were not observed With CGO neutrophils (the responses of control 
and UVR-treated [0.3 ] /cm- 2] neutrophils were 586 ± 31 and 
1562 ± 210 mVs-l, respectively, whereas the corresponding re-
sponses of control and UVR-treated CGD neutrophils were 7 ± 1 
and 7 ± 1 mVs- I); b) similar data were observed when lucigenin 
was added after UVR treatmcnt of normal neutrophi ls; and c) no 
LgCl responses were detected following irradiation of lucigenin in 
cell-frce systems. 
UVR also significantly au gmented superoxide generation by 
neutrophils activated with the ch emotactic tripeptide FMLP, op-
sonized zymosan, AA, and the calciu m ionophore A23187 (Table I). 
Modulation of Super oxide Generation by Irradiated Neutro-
phils Significant inhibition of the pro-oxidative effects of UVR 
with neutrophils was attained by both the PKC inhibitors H-7 
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Figure 1. UVR dose-response effect on superoxide generation by control 
( ___ __ ) and UV -irradiated (--) human ncutrophils. Cells were pre-incu-
bated at 37"C for 10 min prior to irradiation. The results are expressed as 
mVs- I and are the mean values ± SEM of four separate experiments. ' p < 
0.005. 
(100 ,uM) and staurosporine (10 ng/ml), the agonist of intracellular 
calcium mobilization, TMB (500 ,uM) , and the LPC and arachidon-
ate complex-forming agent a-tocopherol (5 ,ug/ml), whereas there 
was al'most compl ete eradication of the UV effect by the PLA2 
inhibitor BPB (5,uM) , and 100 U / ml SOD (Table II) . There was, 
however, no decrease in the levels of oxidant release from irradiated 
neutrophils pre-incubated with puromycin, NDGA, piriprost, or 
the G-protein inhibitor, pertussis toxin. 
Effects ofLPC and Arachidonate on Superoxide Generation 
by Neutrophils These data are shown in Table III. LPC at the 
highest concentration tested (5,uM) significantly increased (p < 
0.025) spontaneous generation of superoxide by neutrophils, 
w hereas the LgCI responses of neutrophils activated with FMLP 
were significa ntly increased by LPC at concentrations of 1,2.5, and 
5 ,uM. Arachidonate at concentrations of 2.5 and 5 ,uM caused sig-
nificant enhancement (p < 0.05 and p < 0.01, respectively) of the 
spontaneous LgCl responses of neutrophils, w ith enhancement of 
FMLP-activated responses observed with concentrations of 0.5-
5 ,uM of the unsaturated fatty ac id (p < 0.05 - P < 0 .01). Inclusion 
of indomethacin (2.5 ,ug/ml) or piriprost (1 ,ug/ ml) did not affect 
Con I ro t ~S88lISlls:S88lISlls:t' 
(No UVR) f1! 
100-400 ~lll!!!lS88llll!!!lS88llll!!!lS88llll!!!lll!lS!~I!l!!!!. (unfil le red) P 
Transmitted 280-400 ~!!SS8:asll1miSSS:~iSSS:8SSlIllS!!Sl18lmljSl!l!---< Wavelengths (WG6) ~ (nm) 
310 - 400 'mllBSlll!SS:~~ (WG4) fll 
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LgCL (mV.s -l) 
400 500 
Figure 2. Experiments with cutoff filters demonstrating the active wave-
lengths in the UVR spectrum that are responsible for the increased genera-
tion of superoxide by human neutrophils. Results arc shown as mVs- I and 
are th e mean values ± SEM of three different experiments. 
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Table I. Effects of UV Irradiation (0 .55 ] /cm- 2) of 
N eutrophils on Spontaneous and Stimulus-Activated 
Superoxide Generation· 
LgCL Responses 
Stimulant Control Neutrophils UVR-Treated Neutrophils 
None 
0.1 JiM FMLP 
1 ng/ml PMA 
SlIM A23187 
50 Jig/ml OZ 
5 JiM AA 
200.9 ± 36.7 
529.4 ± 5.8 
3143.7 ± 32.6 
522.0 ± 61.7 
784.9 ± 7.8 
643 .5 ± 71.5 
331.3 ± 19.7b 
886.9 ± 43.8' 
3227.7 ± 91.8 
1100.5 ± 34.7 
906.4 ± 19.7b 
1275 .3 ± 174.3' 
• Data fro m three separate experiments arc presented as the mean values in 
mVs- I ±SEM. 
'p < O.ot . 
' p < 0.005. 
the stimulatory effects of arachidonate on superoxide generation by 
FMLP-activated neutrophils, demonstrating that the observed ef-
fects are probably mediated by arachidonate per se rather than by 
products of cyclooxygenase or 5-lipoxygenase activity (data not 
shown). 
Measurement of Intracellular Calcium Fluxes After only 
three challenges with 30 nM FMLP alone, no further increase in 
neutrophil [Ca++]i could be attained with further FMLP stimulation 
(Fi g 3). If, however, the cells were irradiated with 0 .2 ]/cm- 2 U VR 
prior to FMLP stimulation, this had the effect of not only increasing 
the levels of calcium mobiliza tion during th e second and subsequent 
[C:a++]i ~eaks, but it also increased th e sensitivity of neutrophils to 
stimul ation by FMLP. UVR per se, did not mobilize intracellular 
calcium in neutrophils. 
I~fluence .ofUVR on AA Release by Neutrophils UVR sig-
11Ificantly 111creased the generatIOn of 3H-arachidonate by neutro-
phils. The amount of 3H-arachidonate released by UVR-treated 
neutrophils was 145 ± 8% (p < 0.005; data from eight experi-
ments) of that generated by the corresponding sham-irradiated con-
trol systems. 
Effects of UVR on the Activity of Purified Phospholipase 
A2 UVR did not affect the activity of purified PLA2 • The amount 
of arachidonate released from radiolabe led PC in the presence of 
PLA2 w as 18.4 ± 1 nmol and 18.2 ± nmol for the sham-irradiated 
and irradiated systems, respectively. 
UVR and Neutrophil Membrane Potential Following a short 
lag period of approximately 60 sec after addition of PMA, the neu-
trophils exhibited an abrupt, linear decrease in fluorescence inten-
Table II. Effects of Various Inhibitors on the Generation of 
Superoxide by Sham-Irradiated and UV -Irradiated 
(0.55 ] /cm- 2) N eutrophils· 
Inhibitors 
H-7 (100 tiM) 
Staurosporine (10 ng/ml) 
TMB (500 tiM) 
EPE (5 JiM) 
a -Tocopherol (5 Jig/ ml) 
SOD (100 units/ml) 






25 ± 1 
74 ± 2 
31 ± 3 
88 ± 3 
UVR-Treated 
Neutrophil 
77 ± 1 
49 ± 12 
42± 2 
89 ± 1 
55 ± 3 
95 ± 1 
.. Data arc the means ± SEMs of three separate experiments. All values shown art' 
statistically significant (p < 0.05 - p < 0.01). 
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Table III. Effects of Added Reagent Arachidonate and LPC on the Spontaneous and FMLP-Activated LgCL Responses of Neutrophils' 
LgCL Responses of N eurrophils Coincubated with 
Concentration of Arachidonate Arachidonatc 
Arachidonate or LPC Only +FMLP LPC On ly LPC+ FMLP 
N one (control) 236 ± 65 818 ± 257 194±37 975 ± 248 
0.5J.LM 307 ± 114 928 ± 225 174±48 11 23 ± 268 
1 .uM 384 ± 142 984 ± 149 158 ± 46 1373 ± 476 
2.5 .11M 855 ± 245b 1880 ± 765 b 239 ± 40 2127 ± 650b 
5J.LM 1541 ± 297b 3327 ± 520b 362 ± 83b 3257 ± 701 b 
• Data arc the mean values ± SEMs of nvc different experiments expressed as mVs I 
• P < O.OS-p < 0.01. 
icy of di-O-Cs (3). However, UVR-treatment of neutrophilsper se 
did not affect neutrophil membrane potential (data not shown) . 
DISCUSSION 
It has previously been reported that exposure of granulocytes to 
extremely high doses of UVR (corresponding to 0.63 -10.2 kJm- 2 
of UVB) causes decreased phagocytic ac tivity and cell death [33] . 
However, in the present study no alterations in ei ther the phago-
cytic or locomotory activities of neutrophils were detect~d follow-
ing irradiation of these cells with much lower, phYSIOlogically rele-
vant doses ofUVR. Although neutrophils have been detected in the 
dermal inflammatory infiltrates of UV-irradiated skin [34] , the ac-
cumula tion of these cells is probably mediated by leukoattractants 
released by other cell types involved in the erythematous reactIOns 
of sunburn. 
UVR treatment of neutrophils did, however, affect the degranu-
reservoir for both leukoattractant receptors [37] and components of 
NADPH-oxidase [38]. 
lation and oxidant-generating responses of neutrophils. Irradiation 
of neutrophils was associated with increased release of bot~l lyso-
zyme and vitamin Bl 2 -binding protein, whereas no alterations III 
extracellular levels of MPO were detected. Because MPO and vIta-
min B l2 -binding protein are located exclusively in primary and 
secondary granules, respectively, and lysozyme predomll1antly III 
second ary granules [35], our observations demonstrate that expo-
sure of neutrophils to UVR causes preferential release of sec?ndary 
I granules, which have been reported to be selectively moblhzed to 
the cell surface during neutrophil chemotaxis [36] and which ac t as a 
UV irradiation of neutrophils also caused spontaneous activation 
(i. e., in the absence of an added stimulus of membrane-associated 
oxidative metabolism) of superoxide generation and sensitized these 
cells to hyperreact to standard stimuli of membrane-associated me-
tabolism such as FMLP, calcium ionophore, opsonized zymosan, 
and arachidonate. Data from experiments using neutrophils from 
children with CGD clearly demonstrated that these pro-oxidative 
interactions of UVR with neutrophils are dependent on intact cel-
lular o.xidative metabolism. UVB was found to be the primary pro-
OXidative component of UVR. The stimulatory effects of UVR on 
the spontaneous generation of superoxide by neutrophils were not 
lllfluenced by co-incubation of the cells with pertussis toxin, piri-
prost, and NDGA or by puromycin, apparently excluding the in-
volvement of ei ther G-binding proteins or 5-lipoll.'ygenase, as well 
as a requirement for protein sy nthesis, respectively, in the pro-oxi-
dative interactions of UVR with phagocytes. However, BPB, an 
inhibitor of PLA2 ; a -tocopherol, a Iysophospholipid- and arachi-
donate-complexing agent; TMB, an antagonist of intracellular 
Ca ++ mobilization; as wel l as the PKC inhibi tors, H-7 and stauro-
sporine, all inhibited the pro-oxidative interactions of UVR with 
neutrophils. A possible interpretation of these observations is that 
UV irradiation of neutrophils causes activation of PLA2 , leading to 
generation ofLPC and arachidonate, both of which activate cytoso-
lic PKC [1 2,13], which in turn activates N ADPH-oxidase [1 4]. 
This proposed mechanism is supported by observations that expo-
sure of neutrophils to UVR is associated wi th increased release of 
3H-arachidonate from labeled membrane phospholipids and that 
the pro-oxidative interactions of UVR with neutrophils are mim-
icked by reagent arachidonate and LPC, both of which directly 
activate, as well as sensitize, the membrane-associated oxidative 
responses of these cells. Moreover, other investigators have previ-
ously reported that UVR activates PLA2 and PKC in cu ltured der-
mal cells [5 ,10]. The activity of purified PLA2 was unaltered by 
UVR, indicating that enzyme activity per se is not affected by UVR. 
In the intact cell , however, UVR may affect PLA2 or alter mem-
brane arc hitecture and structure so that the integral phospholipids 
are more vulnerable to attack by this enzyme. 
10 13 
Time (min.) 
Figure 3. Effects of repeated se ria l challenge with FMLP only (ill) or 
FMLP + UVR (0.55 ] /crn- 2) ~) on [Ca++li in FMLP-stirnulated human 
neutrop hils (106 cells/ml) . i"p < 0.025; . p < 0.005. 
We were unable to detect any effect of UVR on neutrophil-
membrane potential, changes that are often associated with , but not 
a prerequisite for, activation of NADPH-oxidase [29). Interest-
ingly, however, UVR was found to prevent the deactivation of 
intracellular Ca ++ mobilization associated with serial challenge of 
neutrophils with FMLP. The biochemical mechanism ofUVR-me-
diated prolonged sensitivity of neutrophils to FMLP has not been 
established, but may involve PLA2 , as we have been ab le to demon-
strate involvement of phospholipase C (unpublished observati.ons). 
UVR-mediated interference with neutrophil deactivation at sites of 
inflammation may also pred ispose sun-exposed skin to oxidant-me-
dia ted da ma ge. 
Finally, as well as being potential carcinogens [39]' phagocyte-
derived reactive oxidants are immunosuppressive [40], pro-proteo-
lytic [41] and pro-adhesive [42], and are potential mediators of 
UVR-induced tissue damage and tumorigenesis. 
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